Purpose The purpose of this study is to evaluate the effect of diabetes mellitus (DM) and preoperative glycemic control on prognosis in Korean patients with upper tract urothelial carcinoma (UTUC) who underwent radical nephroureterectomy (RNU).
Introduction
The association between diabetes mellitus (DM) and cancer has recently received significant attention due to increases in the prevalence of both diseases. DM is not a single disease, but a group of metabolic disorders characterized by a series of potential confounding factors (obesity, varying levels of metabolic control, profiles of antidiabetic treatment and possible chronic complications or comorbidities) that may influence the association between diabetes and cancer [1] . Therefore, the characteristics of cancer and the metabolic abnormalities of their host may influence cancer cell survival, proliferation, and spread.
Upper tract urothelial carcinoma (UTUC), histologically similar to bladder tumor, is less common than bladder cancer [2] . From this perspective, there is little clinical evidence of oncological outcomes and prognostic factors in UTUC after radical nephroureterectomy (RNU), and most well-known prognostic factors are related to tumor factors such as stage, grade, and tumor multifocality. Therefore, the preoperative prognostic factors related to UTUC patients should be identified.
Several studies have demonstrated that patients with DM have greater cancer mortality compared with non DM patients [3, 4] , and published studies reporting evidence linking DM and bladder cancer showed that DM has a negative effect on bladder cancer prognosis [5, 6] . However, to the best of our knowledge, there is a lack of data regarding the prognostic significance of preoperative glycemic control in surgically treated patients with UTUC who have DM.
Therefore, in the current study, we examined the impact of DM and glycemic control on the prognosis of UTUC after RNU.
Materials and Methods

Data collection
This study was approved by the Institutional Review Boards of all participating centers. Data from 597 UTUC patients who underwent RNU between 2004 and 2014 were collected from six tertiary medical centers in Korea. Patients with a previous history of bladder cancer, regional lymph node metastasis or distant metastasis (the lymph node status was only purely based on preoperative radiologic findings), or received preoperative chemotherapy were excluded. Patients who had DM (all type2 DM), but in whom the preoperative hemoglobin A1c (HbA1c) level was not checked, were also excluded. Finally, 566 patients were reviewed retrospectively. The patient demographics, perioperative data, pathologic findings, and clinical outcomes, including survival data, were collected retrospectively using a prespecified template for consistent data collection for an electronic medical record review. HbA1c was measured within 6 months preoperatively. Preoperative radiological evaluations included abdominal computed tomography and chest X-ray or computed tomography and (when clinically indicated) positron emission tomography or bone scan. There were no limitations to the surgical approaches or modalities used. For the analysis, the patients were divided into three groups: patients without a history of DM, patients with well controlled DM (HbA1c < 7), and patients with poorly controlled DM (HbA1c  7). No information regarding the age at diagnosis of DM was collected.
Follow-up and pathologic evaluation
All patients were followed similarly every 3-4 months in the first year after RNU, every 6 months from the second through the fifth year, and annually thereafter. At each follow-up, the patient's symptoms, history, performance status, and physical examination were evaluated by the physicians, and blood samples for serum chemistry and hematological testing were obtained. Local recurrence and distant metastasis were examined by a chest radiograph, computed tomography, positron emission tomography, or bone scans when clinically indicated. The survival data, including recurrence-free survival (RFS), cancer-specific survival (CSS), and overall survival (OS), were defined from the date of surgery to the date of recurrence, death from UTUC and death from any cause, or were censored at the date of the last follow-up. Recurrence was defined as a new soft-tissue mass > 10 mm that was previously undetected on a computed tomography scan in the operative field, regional lymph nodes, and/or distant organs. Recurrence of bladder cancer was not considered as disease recurrence [7] . A biopsy for tissue confirmation was not routinely performed.
All surgical specimens were processed according to the standard pathological procedures and were reviewed by uro-pathologists. Tumors were staged according to the American Joint Committee on Cancer seventh edition TNM staging system. The tumor grade was assessed according to the 1998 World Health Organization/International Society of Urologic Pathology consensus classification.
Statistical analysis
Demographic, clinical and pathological data were compared using the Kruskal-Wallis test for continuous variables and the chi-square test for categorical variables among 
Results
Baseline demographics of the enrolled patients
The median age of enrolled patients was 70.0 years (interquartile range [IQR], 13 years), with a median followup period of 33.8 months (IQR, 41.4 months). The clinicopathological characteristics were similar among the no-DM group (n=431), well controlled DM group (n=68), and poorly controlled DM group (n=67) except for recurrence rate, cancer death rate, and rate of death from any cause. The recurrence rate, cancer death rate, and rate of death from any cause were high in the poorly controlled DM group compared to the non-DM and well controlled DM groups (p < 0.05) ( Table 1 ).
Association of DM and preoperative glycemic control with recurrence
The median time to recurrence was 17.7 months (IQR, 28.5 months); 92 patients (16.3%) had disease recurrence after RNU. Of these, 21 patients (3.7%) had local recurrence and 71 patients (12.5%) experienced distant metastasis. The RFS at 3 and 5 years was 77.5% and 72%, respectively. Compared to the non-DM and well controlled DM patients, poorly controlled DM patients showed significantly shorter RFS (no DM vs. HbA1c  7, p=0.011; HbA1c < 7 vs. HbA1c  7, p=0.001) (Fig. 1A) . However, no difference was observed between non-DM patients and well controlled DM patients (p=0.05) (Fig. 1A) 
Association of DM and preoperative glycemic control with CSS and OS
During follow-up, 82 patients (14.4%) died from UTUC. The median time to cancer-specific death was 30.4 months (IQR, 39.3 months). The CSS at 3 and 5 years was 85.5% and 76%, respectively. Compared to the non-DM and well controlled DM patients, poorly controlled DM patients showed significantly shorter CSS (no DM vs. HbA1c  7, p=0.001; HbA1c < 7 vs. HbA1c  7, p=0.001) (Fig. 1B) , and no significant difference was observed between non-DM and well controlled DM patients (p=0.418) (Fig. 1B) . In univariable and multivariable Cox regression analyses, poorly controlled DM was associated with increased risk of cancerspecific mortality (univariable: HR, 2.93; 95% CI, 1.79 to 4.78; p=0.001; multivariable: HR, 2.96; 95% CI, 1.80 to 4.87; p=0.001) ( Tables 2 and 3) .
With respect to overall mortality, the median time to death from any cause was 30.0 months (IQR, 39.0 months). The OS at 3 and 5 years was 85.5% and 76.7%, respectively. Similar to RFS and CSS, poorly controlled DM patients had significantly shorter OS compared to non-DM and well controlled DM patients (no DM vs. HbA1c < 7, p=0.075; no DM vs. HbA1c  7, p=0.001; HbA1c < 7 vs. HbA1c  7, p=0.001) (Fig. 1C) . In univariable and multivariable Cox regression analyses, poorly controlled DM was associated with increased risk of overall mortality (univariable: HR, 2.10; 95% CI, 1.41 to 3.12; p=0.002; multivariable: HR, 2.13; 95% CI, 1.40 to 3.22; p=0.001) ( Tables 2 and 3 ). Of note, well controlled DM showed borderline significance in univariable analysis for OS, but lost its significance in multivariable analysis. Pearson chi-square test.
Recurrence-free survival (%) Fig. 1 . Kaplan-Meier plot for recurrence-free survival (A), cancer-specific survival (B), and overall survival (C) in upper tract urothelial carcinoma patients with no diabetes, good preoperative glycemic control, and poor preoperative glycemic control. (A) Recurrence-free survival (overall, p=0.002; no diabetes mellitus [DM] vs. hemoglobin A1c [HbA1c] < 7, p=0.05; no DM vs. HbA1c  7, p=0.011; HbA1c < 7 vs. HbA1c  7, p=0.001). (B) Cancer-specific survival (overall, p=0.001; no DM vs. HbA1c < 7, p=0.418; no DM vs. HbA1c < 7, p=0.418; HbA1c < 7 vs. HbA1c  7, p=0.001). (C) Overall survival (overall, p=0.001; no DM vs. HbA1c < 7, p=0.075; no DM vs. HbA1c  7, p=0.001; HbA1c < 7 vs. HbA1c  7, p=0.001).
Discussion
A previous study reported that preexisting DM increases the risk of several cancers, including cancer of the breast, colorectum, endometrium, liver, and pancreas [8] . In American Cancer Society Cancer Prevention Study II, adults with DM were at increased risk for cancer related mortality [9] . Other studies have reported a possible association of DM with mortality from cancer of the liver, pancreas, colorectum, lung, and breast [10] . Similarly, diabetes was associated with a statistically significant 1.3-to 2.5-fold increased risk of bladder cancer in previous cohort studies [9, 11, 12] , and studies on cancer mortality have found that bladder cancer patients with diabetes have greater cancer mortality compared with their nondiabetic counterparts [4, 9] . UTUC is relatively rare and shares many characteristics with urothelial cancer of the bladder, therefore most decision making regarding UTUC is extrapolated from evidence in bladder cancer [2] . However, there are anatomical, biological, and practical differences between bladder cancer and UTUC. Compared with other malignancies, fewer studies on the potential impact of DM on CSS in patients with UTUC have been reported in the literature. Rieken et al. [7] reported that diabetic patients with UTUC who did not use metformin were at significantly higher risk of disease recurrence and cancer-specific death compared to nondiabetic patients and diabetic patients with UTUC who used metformin. However, there was no information on the state of glucose control and UTUC. Hwang et al. [13] reported that DM was an independent risk factor for RFS in UTUC, but they did not report on the relationship between glycemic control status and longterm prognosis such as CSS and OS. In the current study, we found that diabetic UTUC patients with poor glycemic control showed shorter median RFS, CSS, and OS compared with diabetic UTUC patients with good glycemic control and Table 2 . Univariable Cox regression analyses predicting recurrence-free survival, cancer-specific survival, and overall survival non-diabetic patients. There was no significant difference between non-DM and well controlled DM patients. In our study, we used the HbA1c level, which is a more informative measure compared with a simple DM history or a single serum glucose test. The HbA1c level reflects the patient's recent glycemic control status. Our results showed that glucose regulation status using HbA1c was a clinically significant prognostic factor for predicting the survival of patients with UTUC. Previous studies reported association of poor glycemic control according to the HbA1c level with worse outcomes in other cancers [14, 15] . Lee et al. [15] reported that poor glycemic control was related to disease progression in renal cell carcinoma and proposed that stricter glycemic control would contribute to improved outcomes. Siddiqui et al. [14] also reported an association of elevated HbA1c with aggressive clinical behavior in patients with colorectal cancer. An informative measure such as HbA1c which can reflect the glycemic control status rather than a simple DM history or a single glucose test is warranted in patients with UTUC. In addition, our study suggests that even diabetic patients could have long-term survival comparable with non DM patients through strict glucose control.
The mechanism by which DM contributes to cancer mortality has not been fully elucidated, however plausible explanations have been suggested to explain the relationship between DM and cancer [16, 17] . Hyperglycemia can provide more glucose to tumor cells, and hyperinsulinemia elicited by hyperglycemia could lead to activation of insulin/insulinlike growth factor 1, which can influence cancer progression [18] . In addition, hyperglycemia activates various signaling pathways that cooperate to control cancer cell behavior, including proliferation, migration, invasion, and recurrence [19] . The biological mechanism underlying the relationship between DM and its potential promoting effect on urothelial cells is under investigation. In an in vitro experiment, urothelial proliferation was promoted by high-dose insulin [20] . Expression of IGF-receptor I, which can promote cell growth and antiapoptosis, has been reported in invasive urothelial carcinoma of the bladder [21] . In addition, increased advanced glycosylated end products due to poor glycemic control may lead to structural changes such as reduced expression of the subtype E-cadherin, which has been associated with poor oncologic outcome in patients with bladder cancer [5, 22] , and chronic inflammation and often accompanying obesity may lead to the release of cytokines which can enhance cancer growth [23] . Further research is warranted for a better understanding of the effect of DM on the development and progression of cancer.
This study also included other prognostic factors in UTUC in addition to glucose control status. The most well-established prognostic factors, including tumor stage, grade, and lymphovascular invasion, were also independent prognostic factors in our study [24] . In addition, adjuvant chemotherapy [25] . Another study reported that only 22% of the patients were eligible to receive CBCC after RNU and/or approximately 40% of patients did not receive a CBCC regimen at all [2] . Unfortunately, information about the chemotherapeutic regimen was not considered in our study, but we may speculate that CBCC regimen could not be administered to a considerable number of patients after RNU. We suggest that because patients will lose their kidney after RNU, prudent preoperative evaluation is necessary to predict which patients will benefit from neoadjuvant or adjuvant chemotherapy. Our study has several limitations. First, the study was conducted with a retrospective design which warrants further prospective study. Second, data from multiple institutions could have several limitations, including variations among several surgeons and pathologists. Third, we did not examine the effect of lymph node status (pN0/pN+) which could have affected the oncologic outcomes. Fourth, we did not evaluate the HbA1c level in patients without a history of DM. In this perspective, our results might have been affected by selection bias because of the possibility of undiagnosed DM among patients classified as not having DM. In addition, we did not investigate the dose, type, duration of anti-diabetic medication, and the glycemic control status from RNU to recurrence and/or death which would affect the oncological outcomes, and there were no available data on the type of chemotherapeutic regimen. Further investigations with a prospective design, including the type and dose of anti-diabetic drug and type of chemotherapeutic regimen are needed to confirm our result. Despite these limitations, this is the first study to evaluate the impact of glucose control status using HbA1c on oncologic outcomes of patients with UTUC. Further study is necessary to elucidate the mechanism for the adverse effect of poor glycemic control status on UTUC patients.
Conclusion
In our study diabetic UTUC patients with poor preoperative glycemic control had significantly adverse oncologic outcomes compared with diabetic UTUC patients with good preoperative glycemic control and non-diabetics. CSS and OS of non-diabetic patients did not differ significantly from that of patients with good preoperative glycemic control. Rigorous diabetes control and monitoring using HbA1c is necessary to improve the prognosis of patients with DM and UTUC. Further well-designed prospective studies are needed to establish our findings.
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